ABSTRACT CARNEY, J. L., H. E. GARRETT, and H. G. HEDRICK. 1978. Influence of air pollutant gases on oxygen uptake of pine roots with selected ectomycorrhizae. Phytopathology 68:1 160-1163.
An aspect of environmental physiology and ecology
Loblolly pine (Pinus taeda L.) seedlings were which only recently has been investigated is the effects of propagated from seed which was surface-disinfested by certain environmental gases on the organisms which immersion in 10% sodium hypochlorite for 5 min and occupy the mycorrhizosphere. In areas with chronic high washed with sterile distilled water before it was planted. levels of atmospheric 03 and SO 2 , damage to indigenous The seeds were planted 1.5 cm deep in 4-liter plastic pots tree species frequently is noted. This damage may result containing 3 liters of autoclaved potting medium (40-50 either from direct interference with normal plant seeds per pot). The potting medium consisted of a metabolism or, more subtly, through upset of the critical homogenous mixture (1:1) of vermiculite and peat moss. balance existing within the rhizosphere. Such activity Immediately following planting, the soil was saturated might include damage to the mycorrhizae system with with sterile distilled water and each pot was covered with resultant impairment of root physiological activity or polyethylene film. Then the pots were placed in a decreased ability to fend-off soil pathogens.
Scientific Systems (Baton Rouge, LA 70800) walk-in One approach to investigate the influence of environmental growth chamber at night/day environmental gases on mycorrhizae-forming fungi was temperatures of 20 and 31C, 65-75% relative humidity, to determine any changes in 02 uptake in root segments and 13-hr photoperiods. Light intensity was maintained with and without the ectomycorrhizae association when at approximately 87,000 lux. exposed to low levels of the test gases. This paper presents
The pots were inoculated with the ectomycorrhizae the results of studies conducted to determine the influence isolates 7 to 10 days after seedling emergence by first of 03 and SO 2 on 02 uptake activity of loblolly pine removing all of the seedlings from each of three pots and seedling roots, with and without ectomycorrhizae, adding inoculum at a ratio of one part inoculum to nine represented by selected isolates of Thelephora terrestris parts medium, and replanting six seedlings in each pot. or Pisolithus tinctorius.
To prevent dual infections, all apparatus used in the inoculation procedure and work areas was sterilized after being used with each isolate. Ten otherwise similarly MATERIALS AND METHODS prepared noninoculated pots were used for the controls.
Isolates of Thelephora terrestris (Erhr.) Fr. and While in the chamber, the seedlings were watered on Pisolithus tinctorius (Pers.) Coker and Couch were alternate days with sterile distilled water and fertilized at obtained from D. H. Marx, USDA-Forest Service, 21-day intervals with I g/liter of sterile solution of Southeastern Forest Experiment Station, Athens, GA commercial plant food (Rapid-Gro).
Preparation of vermiculite-peat moss inocula of
Ectomycorrhizae formed in the inoculated plants first these isolates was followed as described by Marx and Zak were observed by stereomicroscopic examination of the (2). root systems at 105 days after inoculation. The ectomycorrhizal root segments were excised from washed 00032-949X/78/000 205$03.00/0 root systems exhibiting characteristic ectomycorrhizae Copyright © 1978 The American Phytopathological Society, 3340 structures at 120 days. The segments without mycorrhizae Pilot Knob Road, St. Paul, MN 55121. All rights reserved, were taken from the first series of lateral roots appearing below the root collar. Following excision from the exposure of the root segments to each test gas. seedling root system, the segments were washed in two Manometric readings then were made at 30-min intervals, changes of sterile distilled water and then placed in 20 ml a total of six measurements per replicate. The 02 uptake of sterile Sorensen's pH 5.5 phosphate buffer until they was calculated and determinations of percent reduction in were used in the 02 uptake experiments. Ten 1.5-cm uptake activity were based on the difference between the segments were selected and placed in single reaction exposed and nonexposed controls; all reduction values vessels containing 2.8 ml of Sorensen's phosphate buffer, were calculated at the 180-min time period (3). Oxygen uptake experiments were performed with 11 replicated vessels with or without ectomycorrhizae RESULTS formed by T. terrestris or P. tinctorius and exposed to 50
Exposure of nonmycorrhizal loblolly pine root and 500/,liters/m 3 03 or SO 2 . Except for the exposure to egments to 50 and 500 /liters/M3 demonstrated that gas, nonexposed control segments were treated s identicallys these structures are highly susceptible to damage by that identically pogas (Fig. 1) . These segments showed a reduction of 75% in Ozone produced by an Ozone Research Equipment 02 uptake activity following exposure to 03 at 50 Corp. (Phoenix, AR 85000) Model 03V92-AR ozonator 
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[Vol. 68 uptake. The root segments exposed to 50 and 500 4liters of 02 at the 180-min time period. Following Aliters/m 3 SO 2 each showed a 90% reduction in 02 exposure to 50 /Aliters/m 3 SO 2 , the level was reduced by uptake. As observed with 03, it appeared that a damage 66%. At 500 .liters/m , the segments showed a reduction threshold limit also was evident with SO 2 .
of 90%. The nonmycorrhizal root segments exposed to 50 Nonexposed segments of roots with T. terrestris 41iters/m 3 SO 2 also showed a 90% reduction in02uptake. ectomycorrhizae were consuming 02 at a level of 126
Nonexposed root segments with P. tinctorius Aliters at the 180-min time period (Fig. 2) . When these ectomycorrhizae were consuming 109 Mliters of 02 at the root segments were exposed to 50 Mliters/m 3 03 they 180-min time period (Fig. 3) . At 50 4liters/m 3 03, 02 underwent a reduction of 56% in 02 uptake. At 500 uptake was reduced by 60% and at 500 ,liters/m 3 by81%. /Aliters/m 3 , 02 uptake was reduced to 71%. The Ectomycorrhizal root segments formed by P. tinctorius nonmycorrhizal roots showed a 75% reduction in 02 appeared to be somewhat less resistant to the influence of uptake at 50 Mliters/m 3 , but the ectomycorrhizal roots 03 than those formed by T. terrestris. Some protective exhibited only a 56% change indicated that some degree influence was exerted by the presence of P. tinctorius at 50 of protection was afforded by the ectomycorrhizae. At /Aliters/m 3 03, but not at 500 •liters/ M 3 when compared 500 /l~iters/m 3 there appeared to be only a slight to the 02 uptake by root segments without the difference in resistance between the two types of root ectomycorrhizae. Oxygen uptake by P. tinctorius segments, with segments of nonmycorrhizal and ectomycorrhizal root segments also was influenced by mycorrhizal roots showing 02 uptake reductions of 74 exposure to 50 and 500 Mliters/m 3 SO 2 . The nonexposed and 71%, respectively. Root segments with T. terrestris controls were consuming 94 Aliters of 02 at the 180-min ectomycorrhizae not exposed to SO 2 were consuming 117 time period; the segments exposed to 50 /Aiters/ m 3 S02
showed a 55% reduction. At 500 Aliters/m 3 , a reduction of 78% was recorded. This compared to 60 and 81% reductions with the nonmycorrhizal root segments 110 exposed to 50 and 500 /Aliters/m 3 S0 2 , respectively.
DISCUSSION
Oxygen uptake by loblolly pine root segments without mechanism related to effects observed on plant foliage during chronic exposures to these same gases. Should newly developed feeder roots be exposed to these gases,
30
• they would be unable to develop mycorrhizae. Slankis (4) 3000 demonstrated that mycorrhiza formation is dependent upon the specific physiological conditions existing in the root, and that these associations will not develop in either 20 moribund or dead tissues. Inevitably, exposure of roots *woo .0-without ectomycorrhizae to 03 and SO 2 could result in an S• ,alteration in the physiological condition of these tissues. 10, -Whether root death or serious injury to the root segments would have resulted from the exposures used in the present study is not known. ectomycorrhizae provided evidence that these structures
TIME-MIN
were more resistant to the deleterious influences of 03 and Fig. 3 . Oxygen uptake in loblolly pine root segments with SO 2 than were the roots without ectomycorrhizae. Root Pisolithus tinctorius ectomycorrhizae exposed to two segments with T. terrestris ectomycorrhizae were more concentrationsof 03andSO 2 in pphm (I pphm = 10 Mliters/m 3 . resistant to 03 than those without the mycorrhizae.
